SP1 regulates KLF4 via SP1 binding motif governed by DNA methylation during odontoblastic differentiation of human dental pulp cells.
DNA methylation is a critical epigenetic modulation in regulating gene expression in cell differentiation process, however, its detailed molecular mechanism during odontoblastic differentiation remains elusive. We aimed to study the global effect of DNA methylation on odontoblastic differentiation and how DNA methylation affects the transactivation of transcription factor (TF) on its target gene. DNA methyltransferase (DNMTs) inhibition assay and following odontoblastic differentiation assay were performed to evaluate the effect of DNA methylation inhibition on odontoblastic differentiation. Promoter DNA methylation microarray and motif enrichment assay were performed to predict the most DNA-methylation-affected TF motifs during odontoblastic differentiation. The enriched target sites and motifs were further analyzed by methylation-specific polymerase chain reaction (MS-PCR) and sequencing. The functional target sites were validated in vitro with Luciferase assay. The regulatory effect of DNA methylation on the enriched target sites in primary human dental pulp cells and motifs were confirmed by in vitro methylation assay. Inhibition of DNMTs in preodontoblast cells increased the expression level of Klf4 as well as marker genes of odontoblastic differentiation including Dmp1 and Dspp, and enhanced the efficiency of odontoblastic differentiation. SP1/KLF4 binding motifs were found to be highly enriched in the promoter regions and showed demethylation during odontoblastic differentiation. Mutation of SP1 binding site at -75 within KLF4's promoter region significantly decreased the luciferase activity. The in vitro methylation of KLF4's promoter decreased the transactivation of SP1 on KLF4. We confirmed that SP1 regulates KLF4 through binding site lying in a CpG island in KLF4's promoter region which demethylated during odontoblastic differentiation thus enhancing the efficiency of SP1's binding and transcriptional regulation on KLF4.